Glycopeptides from the surface of clones of hamster embryo cells were examined at various intervals after infection with polyoma virus. Two types of transformed cells were examined: (i) clones that showed delayed transformation or an initially low tumorigenicity, and (ii) clones that were rapidly transformed showing an initially high tumorigenicity. The glycopeptides were removed from the cell surface by trypsin and, after Pronase digestion, were examined by filtration through Sephadex G-50. With delayed transformation, a specific group of glycopeptides was increasingly evident over an 85-day period as the cells showed phenotypic properties of transformation and the ability to form tumors. In the other series, all but one clone of hamster embryo cells showed rapid transformation after infection with polyoma virus. This clone was less tumorigenic and showed little of the specific glycopeptides. In all cases of delayed or rapid transformation examined, the specific group of glycopeptides increased proportionately to the ability of the cells to form tumors. All of the cells derived from progressively growing tumors formed by injection of these transformed hamster cells into adult animals showed an abundance of this group of glycopeptides. These results suggest that specific surface membrane glycopeptides accompany viral transformation and tumorigenesis.
In defining the role of surface membranes in virus transformation it is important to determine the sequence of events that lead to the expression of the malignant process. Specific changes from the normal in the glycopeptides of the surface membrane have been reported to accompany virus transformation (1, 2, 8, 9, 11) . In cells transformed after chemical treatment this alteration has been shown to correlate with tumorigenesis (4) . It is, therefore, of considerable interest to determine the point after viral infection when this alteration takes place and if it correlates with the ability of the cells to form tumors and other expressions of the transformed phenotype.
After infection of hamster embryo cells by polyoma virus, the expression of the transformed properties and malignancy may be rapid or delayed. That is, the clones of cells selected after infection that show an initially low tumorigenicity are designated as delayed whereas the cells showing an initially high tumorigenicity are designated as rapid. In delayed transformation the expression of the transformed properties increases gradually during cultivation, in IPermanent address: Division of Biochemical Development and Molecular Diseases, Children's Hospital of Philadelphia, Philadelphia, Pa. 19146. vitro, until a level characteristic of transformed cells is reached about 4 to 5 months after infection (5) . Transformed properties are defined as phenotypic expressions that accompany virus transformation of cells, such as saturation density, cloning efficiency, the ability to form colonies at 41%, and the ability to form tumors when injected into adult hamsters.
The current study has followed the changes in the glycoprotein composition of the surface membranes under conditions of delayed or rapid transformation of the hamster embryo cells by polyoma virus. In addition, the glycopeptides derived from tumor cells formed by the virus-transformed cells under both these conditions were examined. In all cases, when the cells had the ability to form progressively growing tumors, specific alterations in the membrane glycopeotides were seen.
GLICK, RABINOWITZ, AND SACHS feeder cells or from agar as described (7) . Rapid transformation designated those clones of cells that were selected within a week after infection with polyoma virus and at that time were of high tumorigenicity. For delayed transformation, hamster embryo cells with no separation of the sexes were infected with 200 PFU of polyoma virus (IL11), and colonies showing a morphology and growth pattern that was intermediate between normal and transformed were isolated from feeder layers. Portions of the cloned cells were frozen so that the cells that were of a low tumorigenicity could be subsequently examined at successive times in culture. These cells of initially low tumorigenicity were designated by the number of days in culture after polyoma virus infection to denote the progression of the expression of the phenotypic properties of transformation, including increased ability to form tumors. Clone 3 is a polyoma-transformed cell line maintained in culture for several years.
All Chanock et al. (3) . All of the cell types were examined in duplicate. In addition, more than one series was examined, and the results were always similar.
Measurement of transformed properties. At specified days after viral infection, the cloning efficiency and ability to form colonies at 41 C was examined in some cultures. The saturation density and the ability to form tumors in adult hamsters were examined in all cultures. These methods have been described for polyoma-transformed cells (7) . To determine the tumor formation, the cells were suspended in 0.2 ml of Eagle medium and inoculated subcutaneously into 5-to 7-week-old hamsters. The material removed from the cell surface by this procedure will be referred to as "trypsinate" and always represented 20 to 30% of the total radioactivity of the cells. Characterization of membrane glycopeptides. The trypsinates containing the radioactive glycopeptides were dissolved in water, and the fractions to be compared were combined and digested exhaustively with Pronase (Calbiochem). Separation of the Pronase-digested glycopeptides was by gel filtration on Sephadex G-50 fine. All details of these procedures have been described (1) 
RESULTS
Delayed transformation. To obtain evidence for the correlation of surface membrane glycopeptides with the phenotypic expressions of transformation and the ability to form tumors in adult hamsters, these properties were examined in cloned cultures that showed delayed transformation. After polyoma virus infection and clone isolation, portions of the cloned cultures were frozen so that the clones that showed delayed transformation (low tumorigenicity) could be subsequently examined at successive intervals in culture. The surface membrane glycopeptides from these cells were analyzed by chromatography on Sephadex G-50 of the Pronase-digested radioactive trypsinates. Representative results from one of these clones are shown in Fig. 1 and Table 1 .
On day 28 ( Fig. la ) after viral infection, the distribution of the fucose-containing glycopeptides was only slightly different from that of the hamster embryo cells. These cells were of low tumorigenicity and showed a low-saturation density (Table 1) . Thirty-nine days after virus infection (Fig. lb) increased to levels that are considered characteristic of transformed cells (Table 1) . These results show that a gradual shift in the distribution of fucose-containing glycopeptides from the cell surface is accompanied by the gradual increase in saturation density and the ability of the cells to form tumors. Rapid transformation. The cell surface glycopeptides were examined in relation to the expression of malignancy and the phenotypic expression of transformed properties through the use of clones that were rapidly transformed. Independently transformed clones were selected from feeder layers and from soft agar within 1 week after infection with polyoma virus of three female and three male hamster embryos. These cells were of initially high tumorigenicity. Of this series, one clone of male hamster embryo cells (designated male 2) from the feeder layer formed tumors to a lesser extent than any of the other clones examined, including a culture from the same embryo selected from agar rather than the feeder layer ( Table 2 ). All of the other clones showed more rapid tumor formation. The elution profile from Sephadex G-50 of the fucosecontaining glycopeptides from the surface of the cells that were less tumorigenic (male 2) was more like that of the control hamster embryo cells and markedly different from those obtained from the cells that formed tumors to a high degree. Figure 2a shows the comparison of the glycopeptides from the surface membrane of male 2 cells with male 1 cells. The pattern of male 1 is representative of the other transformed cells examined. Repeated examination of male 2 gave similar results. Figure 2b shows the comparison of glycopeptides derived from the transformed embryo cells designated female 3, which were grown on feeder layers or on soft agar. All of the clones from soft agar were highly tumorigenic (Table 2 ) and showed a distribution of glycopeptides similar to that shown in Fig. 2b for the agar-derived clone.
In this series of clones from cells that were rapidly transformed, there was no consistent correlation with the phenotypic expressions of transformation that were examined and the ability of the cells to form tumors when injected into adult hamsters ( increased ability to form colonies at 41 C; however, the cloning efficiency in soft agar was low. The clones derived from agar, which were highly tumorigenic, formed a low percentage of colonies at 41 C but had a high-saturation density. In addition, these phenotypic properties ( VOL. 13, 1974 highly tumorigenic female 3 cells was also similar to the female 3 cells cloned on agar (Fig.  3b) . Indeed, all of the cells that were examined from progressively growing tumors had an abundance of the membrane glycopeptides that eluted from the gel in fractions 15 to 25. Very small tumors (13 by 7 mm) were formed at a low incidence when a large number of cells (106) were injected into the animals 28 days after viral infection (Table 1) . At this time the distribution of the fucose-containing glycopeptides from the surface of these cells was similar to hamster embryo cells (Fig. la) ; therefore, the fucose-containing glycopeptides from the surface of the cells derived from these small tumors were examined. The distribution of the membrane glycopeptides when examined by gel filtration remained more similar to those of hamster embryo cells than those of the other tumor cells examined (cf. Fig. 4a and Fig. 3 ). Re-inoculation of these cells into adult hamsters increased the tumorigenicity 10-fold in some cases, although the tumors remained small (13 by 8 mm) and not all of the injected hamsters formed tumors. The appearance of the additional group of glycopeptides from these "2nd-cycle" tumor cells was somewhat more pronounced (fractions 25 to 30, Fig. 4b ) than from the "lst-cycle" tumor (Fig. 4a) . However, although eight tumors were examined, the marked shift in the glycopeptide distribution characteristic of the other tumor cells was never observed nor did these cells form tumors as consistently or as productively as the other cells examined.
Correlation of tumorigenicity and specific surface glycopeptides. Figure 5 shows a plot suggesting that as the tumorigenicity of the population increased a higher percentage of the total fucose-containing glycopeptides was distributed into a specific group, fractions 15 to 25 ( Fig. 2 and 3) . All of the polyoma-infected cells that were examined fell into this pattern.
To obtain the plot, the radioactive glycopeptides from fractions 15 to 25 (i.e., Fig. 2 and 3) were expressed as percentage of the total glycopeptides, fractions 15 to 35, and plotted against the tumorigenicity of the same cells. Tumorigenicity, defined on a highly arbitrary basis, was the number of cells that formed tumors in 100% of the animals within approximately 15 days. In cases where the cells were comparatively more or less tumorigenic than other cells at the same dilution, the number was moved by one half of the exponent. For example, in Table 2, male 1  and female Fig. 2 ) was observed. One clor from the latter series was not highly r and showed surface membrane glyci more characteristic of the nontransforr ster embryo cells. In all cases when were highly tumorigenic, these glyc were more abundant. Indeed, the degree of tumorigenesis and the amount of this specific group of glycopeptides were directly related (Fig. 5) . Moreover, all of the cells derived from -, tumors after injection of these transformed cells into adult hamsters showed an abundance of this specific group of glycopeptides. The presence of this group of glycopeptides from the membranes of cells derived from tumors has been reported previously (4) . A clone of hamster embryo cells obtained after treatment with a chemical carcinogen (6) and variants of this cell line (13) 
Xgression is
Clones selected from agar appeared to be more tumorigenic than those from feeder layers, and this was reflected in the glycopeptide comfiltration position of the surface membranes. No differglycopep-ence was detected in cells selected from male or female embryos. In the clones selected for rapid transformation, there appeared to be no correlation of the glycopeptide pattern with the phenogroup of typic properties of the transformed cells such as n surface saturation density and growth on soft agar with the (Table 2) Warren et al. (9) described the appearance of a sialyl transferase, which was present only in transformed cells. The appearance of specific sugar transferases perhaps accompanies virus transformation and could account for the changes described here for the cells transformed by polyoma virus.
Thus, it seems to be established that specific changes in surface membrane glycopeptides are associated with tumorigenesis. These glycopeptides appear also to be associated with virus transformation in all cases examined (2). They are not characteristic of cells transformed after treatment with a chemical carcinogen (4) or short-term cultures of lymphocytes transformed after antibody stimulation or by Concanavalin A (L. Stavy and M. C. Glick, unpublished data). However, all progressively growing tumors of any chemical-or virus-transformed cells that were examined showed an abundance of this group of glycopeptides. The exact chemical nature of these glycopeptides and the significance of the association with tumor formation is the subject of current investigations.
